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REMARKS 

Amendments to the claims are made for the purpose of presenting the rejected claims in 
better form for appeal. The amendments do not raise new issues and do not require any further 
consideration or search by the Examiner. Applicant submits that the amendments overcome all 
grounds of final rejection and respectfully request their entry. 

By this Amendment, claims 1, 2, 4 and 7 are amended, and claims 18-32 are cancelled. 
Claims 1-7, 9, 10, 12, 14, and 15 are pending in the application. 

Claim 1 is amended to incorporate the limitation from claim 18 which specifies that the 
inflammatory or metabolic disorder is "selected from the group consisting of type 2 diabetes 
mellitus, metabolic syndrome, and inflammation caused by osteoarthritis." Claims 1, 2, 4 and 7 
are amended to replace the term preventing with inhibiting in order to better define the invention. 
Dependent claims 4 and 7 are amended to cancel subject matter that is not encompassed by 
independent claim 1, as amended, from which claims 4 and 7 depend. No new matter is added. 

Claim 18 is cancelled as its subject matter is made redundant following the amendment to 
claim 1. 

Claims 19-32 drawn to irbesartan are cancelled. 

Cancellation of claims 19-32 to irbesartan and amendment of claim 1 to specific 
inflammatory or metabolic disorders should not be construed as a surrender or dedication to the 
public of the subject matter removed by these amendments and cancellations. Applicants 
expressly reserve the right to pursue these claims in a continuation or divisional application. 

Applicant is entitled to an advisory action based on the filing of this amendment and 
response within the two month expedited period. Further, Applicant believes that the present 
application is in condition for allowance based on the amendments and arguments presented 
herein. The Examiner is encouraged to contact Applicant's representative regarding any matter 
that is deemed to expedite the issuance of the claims. 
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Reconsideration of the application is respectfully requested in view of the above 
amendments and the following remarks. For the Examiner's convenience, Applicant's remarks 
are presented in the order in which they were raised in the Office Action. 

A. Telephone interview with the Examiner 

Applicant expresses his appreciation to Examiner Weddington for discussing the 
application with Applicant's representative. The Examiner's suggestions for amendments to the 
claims and identification of allowable subject matter is incorporated in this response. 

B. Obviousness-type Double Patenting Rejection 

Claims 1-7, 9, 10, 12, 14, 15 and 18-32 are provisionally rejected under the judicially 
created doctrine of obviousness-type double patenting as being unpatentable over claims 58-87 
of copending Application No. 10/801,437. 

■ 

Applicant notes that claims 58-87 of copending Application No. 10/801,437 are not in 
condition for allowance at this time. Applicant will file a terminal disclaimer in the later issued 
patent, if any, to avoid non-statutory double patenting. 

* 

C. Claim Rejections Under 35 U.S.C. §112, first paragraph 

Claims 1-7, 9, 10, 12, 14, 15, and 18-31 stand rejected under 35 U.S.C. § 1 12, first 
paragraph, for lack of enablement. Claims 18-31 are cancelled. 

The Examiner contends that the specification, while being enabling for treating type 2- 
diabetes, metabolic syndrome and inflammation caused by osteoarthritis with telmisartan, does 
not reasonably provide enablement for treating all inflammatory or metabolic disorders or 
prophylactically preventing an inflammatory or metabolic disorder by administering all 
compounds, including irbesartan, sufficient to at least partially activate peroxisome proliferators 
activated receptors (PPARs) and at least partially inhibit, antagonize or block an activity of 
angiotensin II type 1 receptors. 

In response Applicant amends independent claim 1 , which is drawn to treatment with 
"telmisartan," to specify that the inflammatory or metabolic disorder is "selected from the group 
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consisting of type 2 diabetes mellitus, metabolic syndrome, and inflammation caused by 
osteoarthritis. The Examiner has acknowledged that the specification is enabling for treating type 
2-diabetes, metabolic syndrome and inflammation caused by osteoarthritis with telmisartan. 
(Office Action, page 4). Claims 2-7, 9, 10, 12, 14, and 15 depend from claim 1. 

The Examiner further contends that the specification does not provide any test result that 
shows that telmisartan does in fact prevent inflammatory or metabolic disorders in healthy 
mammals that do not have any such inflammatory or metabolic disorders. However, the 
Examiner notes that results in the Specification do show that mammals that had the disorder or 
presently have it are protected from recurrence of the disorder by telmisartan. 

Applicant presents an article authored by, among others, the inventor of this application, 
which provides examples of protecting against metabolic problems and diabetes by 
administering telmisartan to a healthy animal that does not have any inflammatory or metabolic 
disorder, in accordance with the properties of telmisartan described in the specification and 
claims. Benson et ah "Identification of Telmisartan as a Unique Angiotensin II Receptor 
Antagonist With Selective PPAR-Modulating Activity." Hypertension. 43:993- 1002.(2004). A 
copy of the publication is enclosed for the Examiner's convenience. 

In Benson et ah healthy male Sprague Dawley rats were placed on a high fat, high 
carbohydrate diet at 6 weeks of age. The high fat, high carbohydrate diet mimics American diets 
and administration of this diet for more than 4 weeks can help promote metabolic disturbances 
leading to diabetes. Within 2 days after starting the diet, the rats were randomized to receive either 
telmisartan (oral telmisartan; dose = 5 mg/kg body weight per day) or no drug treatment (control). After 
5 weeks, serum levels of glucose, insulin, and triglycerides were obtained in the semi-fasting state. See 
pages 994-995 of Benson et ah 

Serum glucose levels measured after 5 weeks were significantly increased in the control 
group compared to the telmisartan group (P<.001). Thus, the telmisartan protected these healthy 
animals from developing the increases in serum glucose levels known to result in diabetes. 
Telmisartan also prevented the increases in serum insulin levels observed in control animals ( P 
=.025 by one-tailed t testing). Telmisartan also protected against the increases in serum 
triglyceride levels seen in the control group (P<.05). See page 998 and Figure 5 of Benson et ah 
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These findings demonstrate that oral administration of telmisartan protects against the 
development of metabolic problems and diabetes in healthy animals and the effect is related to 
its PP ARyy modulatng activity. 

During the telephone interview with the Examiner, the Examiner suggested amending the 
claim language from "prophylactically preventing" to "prophylactically inhibiting" in order to 
better reflect the results shown in the specification. Applicant has amended claim 1 , 2, 4 and 7 
accordingly. 

Therefore, Applicant respectfully requests withdrawal of this ground for rejection of 
claims 1-7, 9, 10, 12, 14, and 15 under 35 U.S.C. § 1 12, first paragraph, for lack of enablement. 

D. Claim Rejections Under 35 U.S.C. § 102(b) 

Claims 19-32 stand rejected under 35 U.S.C. § 102(b) as being anticipated by O'Donnell 

et al. 

Claims 19-32 are cancelled. Therefore, the grounds for rejection of these claims are moot. 
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CONCLUSION 



In view of the above, each of the presently pending claims in this application is believed 
to be in immediate condition for allowance. Applicants request entry of these amendments and 
request the Examiner to expedite prosecution of this patent application to issuance. Should the 
Examiner have any questions, the Examiner is invited to telephone the undersigned at the 
number given below. 

In the event the U.S. Patent and Trademark office determines that an extension and/or 
other relief is required, applicant petitions for any required relief including extensions of time 
and authorizes the Commissioner to charge the cost of such petitions and/or other fees due in 
connection with the filing of this document to Deposit Account No. 03-1952 referencing docket 
no. 421842000400. However, the Commissioner is not authorized to charge the cost of the issue 
fee to the Deposit Account. 

Dated: August 26, 2005. Respectfully submitted, 




Registration No.: 43,318 
MORRISON & FOERSTER LLP 
755 Page Mill Road 
Palo Alto, California 94304 
(650) 813-5995 
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Identification of Telmisartan as a Unique Angiotensin II 

Receptor Antagonist With Selective 
PPARy-Modulating Activity 

Stephen C. Benson, Harrihar A. Pershadsingh, Christopher I. Ho, Amar Chittiboyina, Prashant Desai,. 
Michal Pravenec, Nianning Qi, Jiaming Wang, Mitchell A. Avery, Theodore W. Kurtz 

Abstract — The metabolic syndrome is a common precursor of cardiovascular disease and type 2 diabetes that is 
characterized by the clustering of insulin resistance, dyslipidemia, and increased blood pressure. In humans, mutations 
in the peroxisome proliferator-activated receptor- 7 (PPARy) have been reported to cause the full-blown metabolic 
syndrome, and drugs that activate PPARy have proven to be effective agents for the prevention and treatment of insulin 
resistance and type 2 diabetes. Here we report that telmisartan, a structurally unique angiotensin II receptor antagonist 
used for the treatment of hypertension, can function as a partial agonist of PPARy; influence the expression of PPARy 
target genes involved in carbohydrate and lipid metabolism; and reduce glucose, insulin, and triglyceride levels in rats 
fed a high-fat, high-carbohydrate diet. None of the other commercially available angiotensin II receptor antagonists 
appeared to activate PPARy when tested at concentrations typically achieved in plasma with conventional oral dosing. 
In contrast to ordinary antihypertensive and antidiabetic agents, molecules that can simultaneously block the angiotensin 
II receptor and activate PPARy have the potential to treat both hemodynamic and biochemical features of the metabolic 
syndrome and could provide unique opportunities for the prevention and treatment of diabetes and cardiovascular 
disease in high-risk populations. {Hypertension. 2004;43:993-1002.) 

Key Words: receptors, angiotensin II ■ angiotensin II ■ renin-angiotensin system ■ insulin resistance ■ losartan 



All currently available classes of antihypertensive drugs 
were developed before it was widely recognized that 
increased blood pressure is closely associated with insulin 
resistance and dyslipidemia and well before public health au- 
thorities established diagnostic criteria for the metabolic syn- 
drome. 1-3 Thus, the antihypertensive drugs in use today were 
designed primarily to affect cellular and biochemical mecha- 
nisms contributing to increased blood pressure and not to 
address the disordered carbohydrate and lipid metabolism that 
often accompany hypertension as part of the metabolic syn- 
drome. Given the major impact of the metabolic syndrome on 
cardiovascular disease morbidity and mortality, 4 " 6 the availabil- 
ity of antihypertensive agents that also improve insulin resis- 
tance and dyslipidemia could be of considerable clinical value. 

Numerous studies have demonstrated that the peroxisome 
proliferator-activated receptor-y (PPARy) plays an important 
role in regulating carbohydrate and lipid metabolism and that 
ligands for PPARy can improve insulin sensitivity, reduce 
triglyceride levels, and decrease the risk for atherosclerosis. 7-15 
PPARy ligands also have modest antihypertensive effects re- 



lated at least in part to their ability to promote peripheral 
vasodilation. 16-19 Several thiazolidinedione ligands for PPARy 
have been approved for the treatment of type 2 diabetes; 
however, these agents have limited capacity to reduce blood 
pressure and can provoke fluid retention, weight gain, edema, 
and heart failure in a significant proportion of patients with 
diabetes. 20-22 Such side effects can also occur with nonthiazo- 
lidinedione ligands of PPARy and are unlikely to be related to 
the thiazolidinedione moiety per sc. 18 - 23 - 24 Thus, currently ap- 
proved synthetic ligands for PPARy cannot be used to effec- 
tively treat the abnormal hemodynamic features of the metabolic 
syndrome and are associated with adverse effects that are of 
particular concern for diabetic individuals predisposed to im- 
paired cardiac function. 

Recently, we observed an interesting structural resem- 
blance between telmisartan, an angiotensin II (Ang II) type 1 
receptor antagonist approved for the treatment of hyperten- 
sion, and pioglitazone, a PPARy ligand approved for the 
treatment of type 2 diabetes. 25 This discovery supported the 
possibility that certain molecules might have the capacity not 
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only to block the Ang II receptor, a key cell surface receptor 
involved in the regulation of blood pressure, 26 but also to 
activate PPARy, an intracellular nuclear hormone receptor 
involved in the regulation of carbohydrate and lipid metabo- 
lism. Theoretically, such Afunctional molecules could treat 
both the hemodynamic and biochemical features of the 
metabolic syndrome and have greater potential for preventing 
atherosclerotic cardiovascular disease than conventional an- 
tihypertensive agents. Moreover, given that blockade of the 
renin-angiotensin system can inhibit renal sodium reabsorp- 
tion and attenuate the fluid retention and edema associated 
with peripheral vasodilators, 27 such molecules could also lead 
to the development of new antidiabetic PPARy ligands with 
improved safety profiles. 

Herein we report that the biphenyl, nontetrazole Ang II 
receptor blocker (ARB) telmisartan can act as a partial agonist of 
PPARy, influence the expression of PPARy target genes in- 
volved in the regulation of carbohydrate and lipid metabolism; 
and reduce glucose, insulin, and triglyceride levels in an animal 
model of diet-induced insulin resistance. Molecular modeling 
studies suggest that telmisartan might influence PPARy activity 
by interacting with regions of the ligand-binding domain (LBD) 
that are not typically engaged by full agonists of the receptor. In 
contrast, molecular modeling and receptor transactivation stud- 
ies indicate that other ARBs lack telmisartan' s potential for 
receptor interaction and have relatively little or no effect on 
PPARy activity. These findings (1) demonstrate that at least one 
of the ARBs currently in clinical use has the capacity to activate 
PPARy and (2) suggest a number of interesting opportunities for 
developing improved therapeutic approaches to the metabolic 
syndrome as well as type 2 diabetes and other clinical disorders 
that might be influenced by activity of the renin-angiotensin 
system, PPARy, or both. 

Methods 
Experimental Compounds 

Ang II receptor antagonists and thiazolidinedione ligands of PPARy 
were obtained from the pharmacy and purified by high-performance 
liquid chromatography. Candesartan cilexetil and olmesartan med- 
oxomil were hydrolyzed to their active forms before high-perfor- 
mance liquid chromatography purification. Both losartan and its 
more active metabolite EXP 3174 were used in some studies. 

PPAR Transactivation Assays 

PPARy activity was determined by transactivation assays in CV-1 
cells (CCL-70 line from the American Type Culture Collection 
[ATCC], Manassas, Va) transfected by use of the GenePorter 
transfection reagent (Gene Therapy Systems) delivering 200 ng of 
the murine PPARy expression plasmid pGAL4-mPPARy LBD, 1 /xg 
luciferase reporter plasmid pUAS-tk-luc (both courteously provided 
by P. Tontonoz, Howard Hughes Medical Institute and Department 
of Pathology, University of California, Los Angeles), and 400 ng of 
pCMVSport /3-gal (Gibco) as an internal control. Twenty-four hours 
after transfection, cells were treated with varying concentrations of 
the test compounds and incubated for an additional 24 hours. Cell 
extracts were assayed for luciferase and /3-galactosidase activity with 
Promega assay systems. All treatments were performed in triplicate 
and normalized for /3-galactosidase activity. Assays for PPARa and 
PPAR8 activity were performed in a similar fashion with pGAL- 
mPPARa LBD and pGAL4-mPPAR8 LBD plasmids courteously 
supplied by R. Evans, Salk Institute for Biological Studies and 
Howard Hughes Medical Center. Agonist concentrations yielding 
half-maximal activation (EC 50 values) were calculated with Graph- 



Pad Prism version 3.03 software (GraphPad Software, Inc). In some 
experiments, a range of concentrations of the ARBs was combined 
with a fixed concentration of rosiglitazone to test for receptor 
antagonist activity. To determine ligand effects on the full-length 
human PPARy receptor, we also used a cloned full-length human 
receptor (pDEST-hPPARy) obtained from Dr N. Takahasi (Kyoto 
University, Kyoto, Japan). The reporter was p3xPPRE-tk-luc, and 
transfections were performed with 400 ng of each plasmid. 

Molecular Modeling in PPARy 

Computational studies were performed on a Silicon Graphics Octane 
2 workstation equipped with 2 parallel R 12000 processors, V6 
graphics board, and 512-MB memory. Energy minimization and 
molecular dynamics were accomplished in the discover module of 
Insightll (Accelrys Inc), whereas the affinity module of Insightll 
was used for docking studies. 28 The crystal structure of the partial 
agonist GW0072 in the PPARy LBD was used for telmisartan 
docking studies (PDB code 4PRG). 29 Hydrogen atoms were added, 
and the structure was subjected to preliminary minimization, fol- 
lowed by molecular dynamics to relieve internal strain while heavy 
atoms were tethered to their original positions. Docking was per- 
formed with a previously described protocol. 30 

Adipocyte Differentiation Assay 

Differentiation assays were performed on murine 3T3-LI preadipo- 
cytes (CCL-173 line from the ATCC) by a modification of the 
technique of Smith et al. 31 After the cells reached confluence, they 
were incubated in Dulbecco's modified Eagle medium containing 
1.0 /xmol/L dexamethasone, 5 jutg /mL insulin, and 0.5 mmol/L 
l-methyl-3-isobutylxanthine with 5% calf serum for 32 hours, after 
which the cells were washed with phosphate-buffered saline and 
incubated in medium containing varying concentrations of test 
compounds or the vehicle dimethyl sulfoxide (DMSO). Five days 
after treatment, cells were fixed and stained with oil red O. 
Quantitative evaluation of adipogenesis was performed with a 
modified version of the method of Ramirez-Zacarias et al 32 by 
measuring absorbance at 510 nm. 

PPARy Target Gene Expression Assays 

Expression levels of the PPARy target genes AP2 and CD 3 6 were 
determined by real-time polymerase chain reaction (PCR) of cDNA 
prepared from 3T3-L1 preadipocytes incubated with the test com- 
pounds or DMSO vehicle control for 3 days. Additional studies were 
performed in adult human subcutaneous adipocytes (Cambrex, 
Walkersville, Md) to determine the effects of the test compounds on 
expression of PCK1 that codes for phosphoenolpyruvate 
carboxykinase-1 (PEPCK-C). This gene was selected because 
PEPCK-C has been proposed to be a key mediator of the effects of 
PPARy ligands on fatty acid metabolism and insulin sensitivity. 33 
Previous studies have also shown that acetyl coenzyme A carboxy- 
lase (ACC2) is a major regulator of muscle fatty acid metabo- 
lism. 34 - 35 Therefore, we also tested the effects of rosiglitazone, 
telmisartan, irbesartan, and valsartan on the expression of ACC2 in 
murine muscle myotubes that had been derived by differentiation of 
the C2C12 myoblast cell line (CRL 1772 from the ATCC). Total 
RNA was isolated by standard methods, and cDNA was prepared 
and analyzed by real-time PCR testing with SYBR green reagents, as 
previously described. 36 The cyclophilin (peptidylprolyl isomerase A) 
gene was used as an internal control, with results being determined 
in triplicate by the preferred method of Muller et al 37 - 38 and displayed 
as the amount of mRNA in drug-treated samples relative to that in 
the vehicle-treated control, which was arbitrarily defined as 1 . Primer 
specificity was confirmed by melting point analysis for each primer 
pair. Primer sequences are available on request. 

Dietary Model of Insulin Resistance 

Male Sprague-Dawley rats were placed on a high-fat, high- 
carbohydrate diet (Teklad Diet TD03203 containing 60% fructose, 
10% lard, and 0.06% magnesium) at 6 weeks of age. Two days after 
starting the diet, the rats were randomized into 3 different groups 
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Figure 1. Teimisartan is a partial agonist 
of PPARy. A, Comparison of the ability 
of different ARBs to activate PPARy in a 
cell-based transient transfection assay. 
Cells were treated with 10 /xmol/L teimis- 
artan (le'). irbesartan (Irb), candesartan 
(Can), valsartan (Val), olmesartan (Olm), 
eprosartan (Epro), or the EXP 3174 (Exp) 
active metabolite of losartan (Los). B, 
Comparison of the ability of different 
thiazolidinediones and ARBs to maxi- 
mally activate PPARy. Cells were treated 
with 40 jLtmol/L rosiglitazone (Rosi), pio- 
glitazone (Pio), teimisartan (Tel), irbesar- 
tan (Irb), or eprosartan (Epro). C, Dose- 
response curves comparing potency of 
Rosi (squares), Pio (triangles), and Tel 
(circles) in the transient transfection 
assay. D, Mixing experiment showing 
that high concentrations of Tel can 
antagonize the ability of Rosi to activate 
PPARy. Cells were treated with different 
concentrations of Rosi alone (squares), 
Tel alone (circles), or a mixture of 
1 /xmol/L Rosi with different concentra- 
tions of Tel (triangles). 



(n=10 rats per group): group I, teimisartan dose **5 mg/kg body 
weight per day; group 2, losartan dose "-5 mg/kg body weight per 
day; and group 3, controls (no drug). The drugs were administered by 
dissolving the commercially available medications in the drinking 
water at an initial concentration of 40 mg/L. Because fluid intake did 
not scale linearly with body weight, the drug intakes based on body 
weight tended to decline over time. Therefore, drug concentrations in 
the drinking water were increased during the course of the study to 
help maintain the scheduled dosing. Food and fluid intakes were 
measured each day, and a pair-feeding protocol was followed to 
ensure equivalent food intakes among the 3 groups. Rats in the 
losartan group and the control group were pair-fed the same amount 
of chow consumed by the teimisartan group the day before. This 
ensured that the teimisartan group consumed at least as much if not 
slightly more food than the other groups. The fluid intakes and 
therefore drug intakes were similar in the teimisartan and losartan 
groups. After 5 weeks, serum levels of glucose, insulin, and 
triglycerides were obtained in the semi fasting state (the night before 
blood sampling the animals were given a restricted amount of chow 
equivalent to 3 g/100 g body weight at 5 pm, and blood was drawn 
the following morning through the tail vein in the unanesthetized 
state). The protocol was continued for an additional 9 weeks, at 
which time glucose tolerance testing (oral glucose tolerance test) was 
performed in conscious animals in the semifasted state by sampling 
blood for glucose and insulin measurements after oral administration 
of glucose, 100 mg/100 g body weight. Serum levels of glucose and 
triglycerides were measured by spectrophotometric methods, and 
insulin levels were measured by radioimmunoassay (Linco). 

Statistical Analysis 

Statistical analysis was performed by Student / test or ANOVA followed 
by Dunnett multiple comparison test or the Student-Newman-Keuls test 
for comparisons across multiple groups. Statistical significance was 
defined as P<0.05. Data are expressed as mean±SEM. 

Results 

Teimisartan Is a Partial Agonist of PPARy 

We tested the ability of different ARBs to activate PPARy in a 
heterologous transactivation assay that eliminates interference 
from endogenous nuclear receptors (Figure 1A). 9 Thus, exog- 
enously added drugs including rosiglitazone and teimisartan do 



not cause any activation of the reporter gene in the absence of the 
PPAR construct (data not shown). In the full assay system 
including the PPARy construct, we found that teimisartan was 
the only ARB that caused substantial activation of PPARy 
(Figure 1A). Although irbesartan appeared to cause slight 
activation of PPARy (2- to 3-fold activation) when tested at 
10 /xmol/L, none of the other ARBs, including the active 
metabolite of losartan, increased PPARy activity when tested at 
this concentration (Figure 1A). Moreover, teimisartan was the 
only ARB that activated PPARy when tested at lower concen- 
trations (1 to 5 /xmol/L) that can be achieved in plasma with 
conventional oral dosing (data not shown). 39 Teimisartan con- 
centrations of <10 /mmol/L did not significantly affect the 
activity of PPARa or PPARS, although 25 iimol/L teimisartan 
appeared to cause a modest activation (4-fold) of PPARa (data 
not shown). 

Teimisartan functioned as a moderately potent (ECso=4.5 /utmol/ 
L), selective PPARy partial agonist, activating the receptor to 25% 
to 30% of the maximum level achieved by the full agonists 
pioglitazone and rosiglitazone (Figure IB and 1C). Corresponding 
EC50 values for rosiglitazone and pioglitazone were 0.066 and 
1 .5 /xmol/L, respectively. As expected for a partial agonist, high 
concentrations of teimisartan (> 1 0 to 20 /imol/L) in the presence of 
the full agonist rosiglitazone (1 /xmol/L) attenuated the level of 
receptor activation otherwise achieved by the frill agonist alone 
(Figure ID). It should be noted that under normal circumstances, 
plasma concentrations of teimisartan do not reach 10 to 20 /xmol/L. 
Thus, in patients with diabetes, administration of teimisartan is 
unlikely to interfere with the therapeutic effects of a simultaneously 
administered thiazolidinedione. We also tested teimisartan for its 
ability to activate full-length human PPARy by using the full-length 
receptor and the luciferase reporter gene fused to the tandemly 
repeated PPARy DNA response element. At 10 and 1 jumol/L, 
rosiglitazone acliieved activation levels of 16-fold, whereas the 
values for teimisartan were 6-fold and 3-fold, respectively. Other 
saltans were inactive up to 40 /xmol/L, 
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Figure 2. Binding mode of telmisartan in the PPARy LBD. A, The protein backbone is illustrated as a yellow ribbon with telmisartan 
shown as a Van der Waals space-filling representation in blue. Ser342 is colored by atom types. B, Superimposition of telmisartan 
bound to the PPARy LBD (extracted from PDB structure 4PRG) on the cocrystal structure of rosiglitazone and the PPARy LBD (PDB 
structure 2PRG). The protein bound to telmisartan is shown as a yellow ribbon; the protein bound to rosiglitazone is shown as a 
magenta ribbon. Telmisartan and rosiglitazone are represented as sticks in blue and orange, respectively. Residues His323, His449, 
and Tyr473 of the rosiglitazone- bound protein and Ser342 of the telmisartan-bound protein are shown as sticks colored by atom types. 
Hydrogen bonding interactions are shown as dashed white lines. 

Molecular Modeling of Telmisartan in the 
PPARy LBD 

Docking studies of the molecular binding mode in PPARy 
revealed that telmisartan is surrounded by helixes H3, H6, 
and H7 (Figure 2A). The region of the LBD occupied by 
telmisartan is similar to that occupied by other partial 
agonists of PPARy, including GW0072 and nTZDpa (data 
not shown). 2940 The interaction of telmisartan with PPARy 
might be explained by strong hydrophobic interactions with 
many of the residues forming the H3 and H7 helixes. 
Additionally, the hydrogen bond between the 1'- 
benzimidazole nitrogen and the amide proton of Ser342 
might also contribute toward stabilization of this interaction 
(Figure 2A), particularly given that the partial agonists 
GW0072 and nTZDpa also form hydrogen bonds with the 
same serine residue. 

The superimposition of telmisartan bound to PPARy on the 
cocrystal structure of rosiglitazone and PPARy is shown in 
Figure 2B. In contrast to the binding of full agonists such as 
rosiglitazone, 4 1 telmisartan, like other partial agonists includ- 
ing GW0072 and nTZDpa, does not appear to make direct 
contact with the activation function helix (AF-2) or with the 
adjacent histidine residues (Figure 2B). Interaction with the 
AF-2 helix has been shown to be responsible for receptor 
stabilization and activation by full agonists of PPARy. 9 ' 41 The 
lack of interaction of telmisartan with the AF-2 helix likely 
explains its inability to fully activate the receptor. 

To further understand the structural changes in the protein 
induced by binding of ligands with different biologic profiles 
(full agonists vs partial agonists), we analyzed the crystal 
structures of the PPARy LBD in its native form (PDB code 



1PRG), the PPARy LBD bound to the full agonist rosiglita- 
zone (PDB code 2PRG), and the PPARy LBD bound to the 
partial agonist GW0072 (PDB code 4PRG). As previously 
noted, the crystallographically determined structure of 
PPARy bound to a partial agonist (GW0072) was more 
similar to the native (apo) structure than the crystallographi- 
cally determined conformation of the protein bound to the full 
agonist rosiglitazone. 29 This was evidenced by the root mean 
square deviation (RMSD) of the backbone atoms that, for the 
partial agonist versus the apo protein, was 0.87, whereas this 
difference for the full agonist was 2.58. It is interesting to 
note that the shift in the structure of the native receptor 
induced by binding of GW0072 appears primarily to be a 
result of changes in the backbone conformation of helixes H3 
and H7. The RMSD for the backbone atoms of helixes H3 
and H7 in the 2 structures was found to be 0.79. Although 
binding of the full agonist resulted in a significant structural 
change in the native protein (RMSD 2.60 for the backbone 
atoms), the conformation of helixes H3 and H7 in this case 
did not differ significantly from the native protein (RMSD 
0.44 for the backbone atoms). Based on these comparisons 
and the observation that protein-bound complexes of partial 
agonists like telmisartan, nTZDpa, and GW0072 are mainly 
stabilized by hydrophobic interactions with helixes H3 and 
H7, an alteration in the conformation of these helixes induced 
by partial agonists might contribute to the differences in 
receptor activation and target gene expression caused by such 
ligands compared with full agonists. In preliminary studies, 
high concentrations of telmisartan did not displace radiola- 
beled rosiglitazone from a recombinant form of the LBD 
(data not shown), further suggesting that telmisartan does not 
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Figure 3. Te!misartan induces adipocyte differentiation in 3T3-L1 
cells. A, Comparison of the effects of different ARBs on adipo- 
genesis and lipid accumulation in 3T3-L1 cells as measured by 
the absorbance at 510 nm of oil red O eluted from stained cells. 
Cells were treated with 5 /xmol/L of the indicated compounds or 
DMSO vehicle (-) for 5 days. *P<0.01 compared with ail other 
groups by ANOVA and Dunnett multiple comparison test. Drug 
abbreviations are as in the legend to Figure 1 . B, Oil red O 
staining of 3T3-L1 cells treated with 1 ^mol/L telmisartan or 
DMSO vehicle control for 5 days. 

interact with the receptor in the same fashion as conventional 
agonists of PPARy. 

Docking studies of several tetrazole-containing ARBs, 
including losartan, EXP 3174, irbesartan, olmesartan, and 
candesartan, in the PPARy LBD revealed a different binding 
mode than for telmisartan. These tetrazole-containing ARBs 
made contacts with residues of helix H3 but not H7. Epro- 
sartan, a nontetrazole ARB, was seen to interact with residues 
of helix H7 but not H3. None of these ARBs revealed a 
hydrogen bond with the binding domain or any interaction 
with the AF-2 helix. Thus, insufficient interaction with the 
PPARy LBD might explain the inability or poor ability of 
these other ARBs to activate the protein. 



Telmisartan Induces Adipocyte Differentiation 

PPARy plays a critical role in adipogenesis and has been 
shown to be necessary and sufficient for fat cell differentia- 
tion in cultured cells and in mice. 8 - 42 Therefore, we compared 
the ability of telmisartan and other ARBs to induce adipocyte 
differentiation of 3T3-L1 cells, a well-known characteristic of 
PPARy ligands. 79 Telmisartan but none of the other ARBs 
clearly induced adipogenesis when tested at a concentration 
of 1 to 5 /xmol/L (Figure 3 and data not shown). Although a 
higher concentration of irbesartan (10 /xmol/L) induced 
adipocyte differentiation, none of the other ARBs, including 
the active metabolite of losartan, induced adipogenesis even 
when tested at concentrations of up to 25 /xmol/L. In other 
experiments (data not shown), we found that the level of 
adipogenesis induced by rosiglitazone was ^2 to 3 times 
greater than that induced by telmisartan. The relatively 
modest effect of telmisartan on adipogenesis is not surprising, 
given that other partial agonists of PPARy have also been 
found to be relatively weak stimulators, or even inhibitors, of 
adipogenesis compared with full agonists such as 
rosiglitazone. 29 « 4 °. 43 

Telmisartan Selectively Modulates the Expression 
of PPARy Target Genes 

PPARy ligands influence the expression of multiple genes in 
differentiating preadipocytes and in mature adipocytes, such 
as API (FABP4) and CD36. 44 ' 46 When tested at a concen- 
tration of 5 /xmol/L, only telmisartan and irbesartan caused a 
substantial (>2-fold) increase in the expression of AP2 and 
CD36 in 3T3-L1 preadipocytes (Figure 4A and 4B). Whereas 
telmisartan and irbesartan both increased the expression of 
AP2 and CD36, they appeared to have different effects on the 
expression of 2 other important genes related to lipid metab- 
olism. In differentiated human adipocytes, telmisartan was 
the only ARB at concentrations of 2.5 to 5.0 /xmol/L that 
clearly increased the expression of the PCK1 gene encoding 
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Figure 4. Telmisartan influences the expres- 
sion of PPARy target genes in differentiating 
3T3-L1 cells, mature human adipocytes, and 
murine myotubes, as measured by real-time 
PCR. A, Comparison of the effects of differ- 
ent ARBs on AP2 expression in 3T3-L1 cells. 

B, Comparison of the effects of different 
ARBs on CD36 expression in 3T3-L1 cells. 

C, Comparison of the effects of different 
ARBs on expression of the PCK1 target 
gene encoding PEPCK in mature human 
subcutaneous adipocytes. D, Comparison of 
the effects of telmisartan, rosiglitazone, irbe- 
sartan, and valsartan on ACC2 expression in 
differentiated C2C12 murine myotubes. For 
studies of AP2, CD36, and ACC2, cells were 
treated with 5 /xmol/L of the indicated com- 
pounds or DMSO vehicle control for 3 days. 
For studies of PCK1, human adipocytes 
were treated with 2.5 /xmol/L of the indicated 
compounds or DMSO vehicle control for 3 
days. The real-time PCR assays were per- 
formed in triplicate, and in all panels each 
value represents the amount of mRNA in 
drug-treated samples relative to that in the 
vehicle-treated control, which was arbitrarily 
defined as 1 . Drug abbreviations are as in 
the legend to Figure 1 . 
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Figure 5. Telmisartan attenuates weight 
gain in rats fed a high-fat, high- 
carbohydrate diet. A, Mean body weights 
in rats given telmisartan, 5 mg/kg body 
weight per day (solid squares); losartan, 
5 mg/kg body weight per day (solid cir- 
cles); and in controls not given any drugs 
(open circles). B, Mean daily food intakes 
in rats treated with telmisartan or losar- 
tan and in untreated controls. Drug treat- 
ment groups and initial daily drug doses 
are listed below each bar graph. *P<0.01 
for effects of drug, time, and drug-time 
interaction on body weight by 2-way 
ANOVA. 



PEPCK-C (Figure 4C). This is noteworthy because the 
induction of PEPCK-C activity in adipocytes and the result- 
ant increases in glyceroneogenesis and fatty acid reesterifi- 
cation have been proposed to play an essential role in the 
antidiabetic actions of PPARy ligands. 33 In murine muscle 
myotubes, 5.0 ptmol/L telmisartan caused a 60% to 70% 
decrease in the expression of ACC2, whereas rosiglitazone, 
irbesartan, and valsartan had little or no effect on ACC2 
expression (Figure 4D). ACC2 is a major regulator of muscle 
fatty acid metabolism, because this enzyme generates malo- 
nyl coenzyme A, a potent inhibitor of muscle carnitine 
palmitoyltransferase- 1 , which is a critical enzyme involved in 
fatty acid uptake in mitochondria. Accordingly, decreases in 
ACC2 expression might be expected to promote increased 
fatty acid oxidation in skeletal muscle. 35 

Telmisartan Improves Glucose, Insulin, and 
Triglyceride Levels 

Figure 5A shows body weights in control rats and in rats 
given either telmisartan or losartan. The 2-way ANOVA 
showed a significant effect of the drug (P<0.01), time 
(P<0.01), and a drug-time interaction (P<0.01) on body 
weight. Telmisartan administration caused a significant atten- 
uation of weight gain compared with losartan and control 
groups ( s «10%), whereas losartan appeared to have little or 
no effect on body weight compared with controls. Remark- 
ably, the telmisartan-induced attenuation of weight gain could 
not be attributed to reduced energy intake, because daily food 
consumption was nearly identical in all groups as a result of 
the pair-feeding protocol (Figure 5B). Fluid intakes were 
similar among all 3 groups (data not shown). 

Serum glucose levels measured after 5 weeks of treatment 
were significantly decreased in the telmisartan group com- 
pared with both the losartan group (P<0.01) and the control 
group (P<0.001) by ANOVA and Student-Newman-Keuls 
testing (Figure 6). Serum insulin levels also tended to be 
lower in the telmisartan-treated animals (Figure 6). Although 
overall ANOVA testing did not achieve statistical signifi- 
cance (P=0.09), the results of individual comparisons were 
consistent with lower insulin levels in the telmisartan group 
compared with the losartan group and the control group (both 
P=0.025 by 1-tailed t testing and P<0.10 by Student- 
Newman-Keuls testing; Figure 6B). Serum triglycerides were 
significantly decreased in the telmisartan treated group com- 
pared with both the losartan group (P<0.05) and the control 



group (P<0.01) by ANOVA and Student-Newman-Keuls 
testing; Figure 6). 

During the oral glucose tolerance test, serum levels of 
glucose were similar among all 3 groups (Figure 7). How- 
ever, serum insulin levels were significantly lower in the 
telmisartan group compared with both the losartan group and 
control group throughout the glucose tolerance test (Figure 
7). The area under the curve for insulin in the telmisartan- 
treated rats, 3.7±0.3 ng-mL~'-2 h" ! , was significantly 
lower than in the losartan-treated rats (6.0 ±0.7 ng • mL -1 • 2 
h" r ) and the control rats (5.3±0.7 ng • mL" 1 • 2 h" 1 ; P<0.05 
by ANOVA and Student-Newman-Keuls testing). Compared 
with controls, losartan did not have significant effects on any 
of the parameters measured. 

Discussion 

On the basis of cellular assays of PPARy activation, we have 
found that the Ang II receptor antagonist telmisartan is also a 
partial agonist of PPARy, a well-known target of insulin- 
sensitizing drugs used to treat type 2 diabetes. In contrast, 
none of the other ARBs affected PPARy activity with the 
possible exception of irbesartan, which appeared to cause a 
modest activation of the receptor when tested at a concentra- 
tion of 10 /imol/L. In addition to activating PPARy in 
cell-based transactivation assays, telmisartan increased the 
expression of known PPARy target genes in both murine 
preadipocyte fibroblasts and human subcutaneous adipocytes 
and induced adipogenesis in 3T3-L1 preadipocyte fibroblasts, 
as expected for a PPARy activator. Finally, in rats fed a 
high-fat, high-carbohydrate diet, orally administered telmis- 
artan reduced glucose, insulin, and triglyceride levels, 
whereas losartan did not. In preliminary studies in obese 
Zucker rats that harbor mutant leptin receptors (data not 
shown), telmisartan did not appear to affect glucose, insulin, - 
or triglyceride levels, suggesting that at least some of the 
beneficial metabolic effects of telmisartan might depend on 
the presence of an intact leptin signaling system. 

The mechanism whereby telmisartan activates PPARy 
remains to be determined; however, given the substantial 
chemical structural differences between telmisartan and all of 
the other commercially available ARBs, it is not surprising 
that telmisartan has unique biologic properties. There are a 
number of possible mechanisms that could theoretically 
mediate the effects of telmisartan on PPARy activity, includ- 
ing but not limited to effects on the conformation or phos- 
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Figure 6. Telmisartan reduces serum levels of glucose, insulin, 
and triglycerides. Drug treatment groups and initial daily drug 
doses are listed below each bar graph. *P<0.001 by ANOVA, 
P<0.001 compared with control group, and P<0.01 compared 
with losartan group by Student-Newman-Keuls testing. 
**P=0.09 by ANOVA, P=0.025 compared with control group 
and losartan group by 1 -tailed t testing, and P=0.09 compared 
with control group and losartan group by Student-Newman- 
Keuls testing. ***P<0.01 by ANOVA, P<0.01 compared with 
control group, and P<0.05 compared with losartan group by 
Student-Newman-Keuls testing. 

phorylation status of the receptor, effects on the activity of 
coactivators or corepressors that modulate the transcriptional 
effects of PPARy, or even effects on endogenous iigands of 
PPARy. For example, molecular modeling studies suggest 
that telmisartan might fit within the LBD of PPARy in a 



complex that is stabilized by hydrophobic interactions with 
helixes H3 and H7, as well as by a hydrogen bond with the 
amide proton of Ser342. This binding mode is similar to that 
observed for the partial agonist GW0072. 29 In contrast, the 
other ARBs do not appear to have the same potential for 
interaction with the receptor like telmisartan. Although it 
remains to be determined whether the unusual ability of 
telmisartan to activate PPARy is indeed related to the 
receptor interactions identified in the modeling studies, it is 
clear that substantial differences exist between the chemical 
structures of telmisartan and the other ARBs. 

Although telmisartan was developed with the goal of 
selectively blocking the Ang II type 1 receptor to treat 
hypertension, the finding that this molecule can also activate 
PPARy has potentially important therapeutic implications for 
pharmacological treatment of the metabolic syndrome, type 2 
diabetes, and other clinical disorders that might be responsive 
to PPARy activators. 47 Because hypertension frequently oc- 
curs together with insulin resistance and dyslipidemia, 48 the 
availability of multifunctional molecules that treat more than 
just increased blood pressure or the associated metabolic 
disturbances could be of considerable clinical value. It is 
widely believed that the currently available ARBs are meta- 
bolically neutral and have little or no impact on carbohydrate 
and lipid metabolism when administered in conventional 
doses used to treat hypertension. 26 However, the current 
findings suggest that telmisartan might be an exception in this 
regard and provide insight into new strategies for developing 
molecules that could improve many if not all of the biochem- 
ical and blood pressure disturbances that compose the meta- 
bolic syndrome. 47 

It should be emphasized that telmisartan is a partial agonist 
of PPARy and appears to function as a selective PPAR 
modulator with different effects on gene expression than a 
full agonist of PPARy like rosiglitazone. It is well known that 
partial agonists of PPARy can exert different effects on gene 
expression patterns than do full agonists and that even full 
agonists might differ among themselves with respect to their 
precise effects on gene expression profiles. 40 * 49 Thus, it is not 
surprising that telmisartan, but not rosiglitazone, affected the 
expression of ACC2, a key gene involved in the regulation of 
muscle fatty acid metabolism. In fact, intense interest exists 
in the development of selective PPARy modulators that can 
exert beneficial effects on the expression of genes that 
regulate carbohydrate and lipid metabolism without causing 
changes in gene expression that promote weight gain, fluid 
retention, or the other adverse effects associated with admin- 
istration of conventional PPARy activators. 29,40.43,50 i n t he 
current study, it is noteworthy that telmisartan attenuated 
weight gain despite the use of a pair-feeding protocol that 
ensured comparable food intakes among all of the experimen- 
tal groups. Other partial agonists of PPARy have also been 
shown to attenuate the weight gain ordinarily induced by a 
high-fat diet. 40 - 49 The current observations raise the intriguing 
possibility that telmisartan might have the capacity to influ- 
ence genes that regulate energy metabolism in vivo and 
should motivate future studies on the ability of telmisartan to 
attenuate weight gain in humans consuming high-fat, high- 
carbohydrate diets. 
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Figure 7. Telmisartan reduces insulin levels during oral glucose tolerance testing in rats fed a high-fat, high-carbohydrate diet. Serum 
glucose and insulin levels after oral administration of glucose, 100 mg/100 g body weight, to rats treated with telmisartan (solid 
squares), losartan (solid circles), or controls (open circles). *Area under the curve for insulin in the telmisartan-treated rats, 3.7 ±0.3 
ng • ml_" 1 - 2 h~\ was significantly lower than in the losartan-treated rats (6.0±0.7 3 ng • mL" 1 ) and control rats (5.3±0.7 3 ng ■ mL -1 ■ 2 h~ 1 ; 
P<0.05 by ANOVA and Student Newman-Keuls testing). 



In light of a number of clinical and experimental studies 
suggesting that angiotensin-converting enzyme (ACE) inhib- 
itors can improve insulin sensitivity and decrease the inci- 
dence of new-onset type 2 diabetes in patients with hyper- 
tension, 51 " 54 the question arises as to whether pharmacologic 
interruption of the renin-angiotensin system per se should be 
expected to lead to improvements in carbohydrate and lipid 
metabolism. However, recent studies have indicated that the 
insulin-sensitizing effects of ACE inhibitors might be more 
closely related to their effects on kinin metabolism rather than 
their effects on the renin-angiotensin system. 54-56 Thus, based 
on the results of studies with ACE inhibitors, it could not 
have been predicted that any of the existing ARBs would 
activate PPARy and improve the disturbances in carbohy- 
drate and lipid metabolism that are characteristic of the 
metabolic syndrome. 

Although it is generally believed that ARBs do not exert 
significant effects on carbohydrate and lipid metabolism, 
such views are based largely on the results of clinical trials 
and experimental studies that have been conducted with 
ARBs that are structurally quite different from telmisartan. 
For example, measurements of systemic insulin action with 
the euglycemic clamp technique have failed to reveal any 
consistent effect of losartan on insulin sensitivity. 54 In the 
recent LIFE trial, the incidence of new-onset type 2 diabetes 
was reported to be significantly lower in hypertensive sub- 
jects treated with losartan than in those treated with atenolol, 
suggesting potential antidiabetic effects of angiotensin recep- 
tor blockade. 57 However, given the known diabetogenic 
effects of j3-adrenergic blockers, it is possible that the lower 
incidence of new-onset diabetes in the losartan arm of the trial 
was related to a prodiabetic effect of atenolol rather than an 
antidiabetic effect of ARB. In the CHARM Preserved trial, 
the incidence of new-onset type 2 diabetes was significantly 
lower in subjects given candesartan than in those given 
placebo. 58 However, in other trials including CHARM 
Added, CHARM Alternative, and SCOPE, there was no 
significant difference in the incidence of new-onset diabetes 
in subjects given candesartan compared with controls. 59 " 6 1 In 
the ALPINE and CROSS studies, candesartan appeared to 
have little or no effect on serum levels of insulin, glucose, or 
triglycerides. 62 - 63 Although candesartan administration ap- 



peared to improve an indirect estimate of insulin action in the 
CROSS study, it failed to show any effect on the HOMA 
(homeostasis model assessment) index of insulin resistance in 
the ALPINE study. 6263 Finally, in the obese Zucker rat, 
Henriksen et al 64 found that oral administration of an ex- 
tremely high dose of irbesartan (50 mg/kg) improved insulin 
sensitivity but apparently failed to improve lipid levels. Thus, 
although the results of Henriksen et al are consistent with our 
finding of a weak effect of high concentrations of irbesartan 
on PPARy activity, they do not imply that conventional doses 
of irbesartan or any other ARB could be used to activate 
PPARy in vivo or treat the metabolic syndrome. 

Recently, Janke and colleagues 65 have reported that very 
high concentrations of Ang II can inhibit differentiation of 
human preadipocytes and that high concentrations of irbesar- 
tan can enhance adipogenesis. On the basis of these findings 
and recent evidence showing that a lack of adipose tissue can 
promote diabetes by causing excess storage of fat in muscle, 
liver, and pancreas, 66 Sharma and colleagues 67 have proposed 
that blockade of the renin-angiotensin system per se might 
prevent diabetes by promoting the recruitment and differen- 
tiation of adipocytes. In the current studies, we found that 
moderate concentrations of telmisartan and high concentra- 
tions of irbesartan could activate PPARy and promote adipo- 
genesis; however, other ARBs failed to show any effects on 
PPARy activity or adipogenesis. PPARy is known to play a 
pivotal role in adipogenesis, whereas the effect of the renin- 
angiotensin system on fat cell differentiation is much less 
clear, particularly given that very high concentrations of Ang 
II are typically required to observe effects on adipogenesis. If 
the adipogenic effects of telmisartan and irbesartan were 
related to blockade of the renin-angiotensin system in the 
cells we tested, one would have expected other ARBs also to 
induce adipogenesis. Moreover, the concentrations of telmis- 
artan and irbesartan required to induce adipogenesis are far 
greater than the concentrations required to block the Ang II 
type 1 receptor, further suggesting that the in vitro effects of 
telmisartan or other ARBs on adipogenesis in the cells that 
we tested are unlikely to be related to Ang II receptor 
blockade. Thus, although our findings are consistent with the 
results of Sharma and colleagues, we believe that at least in 
the cell line we studied, the effects of telmisartan and 
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irbesartan on adipocyte differentiation are more likely related 
to their ability to activate PPARy rather than their ability to 
block Ang II receptors. 

Perspectives 

Aside from the potential use of teimisartan for the prevention 
and treatment of diabetes and the metabolic syndrome, the 
discovery that teimisartan can activate PPARy has a number 
of implications for the development of next-generation mol- 
ecules for treating clinical disorders that are influenced by 
activity of the renin-angiotensin system and PPARy. Not- 
withstanding the results of the recent ALLHAT trial, 53 drugs 
that interrupt the renin-angiotensin system are considered by 
many to be superior for preventing hypertension-related 
target-organ damage than are antihypertensive agents that 
were not designed to interrupt the renin-angiotensin sys- 
tem. 68 " 70 The development of novel ARBs that ameliorate 
insulin resistance and dyslipidemia as well as hypertension 
could provide even more effective options for preventing 
target-organ damage and cardiovascular disease in patients 
with hypertension, diabetes, or both. Such agents, either alone 
or in combination with ACE inhibitors, could also be useful 
for the prevention of new-onset diabetes in patients with 
hypertension or in other high-risk populations. Finally, given 
the known inhibitory effects of Ang II receptor blockade on 
renal sodium reabsorption, the current findings could provide 
new opportunities for developing antidiabetic PPARy ligands 
without the adverse effects of fluid retention, peripheral 
edema, and heart failure associated with conventional ago- 
nists of PPAR7, like rosiglitazone and pioglitazone. 20-22 
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